Background
Vietnam's nuclear program began in the 1960s with the installation at Dalat of a 250 kW TRIGA Mk-II research reactor under the U.S. Atoms for Peace Program. The reactor was shut down and its core removed only a few years later, and the nuclear research program was suspended until after the end of the civil war in the late 1970s.
The Soviet Union assisted Vietnam in restoring the Dalat reactor to an operational status in 1984, trained a cadre of scientific and technical staff in its operation, and contributed to the development of nuclear science for the medical and agricultural sectors.
In the agricultural area in particular, Vietnamese experts have been very successful in developing mutant strains of rice, and continue to work with the IAEA to yield strains that have a shorter growing period, increased resistance to disease, and other desirable characteristics. 1 Rice has always been the main crop in Vietnam, but technical cooperation with the IAEA and other states has enabled the country to become one of the top rice producers in the world, exporting much of its annual crop to over two dozen countries annually. 2 More recently, Vietnam's government has shown increasing interest in developing a civil nuclear program to supplement its fossil fuel and other energy resources. Projections from a variety of open sources, ranging from the IAEA, the U.S. Department of Energy's Energy Information Administration (EIA), the Vietnamese government, energy corporations 3 , and think tanks all predict a massive increase in energy consumptionespecially electricity-within Vietnam and the region as a whole. This growth in consumption will require a corresponding increase in energy production, which in Vietnam is currently satisfied mainly by fossil fuels (coal) and renewable energy (hydropower and biomass); Vietnam has a refining capacity of about 800 barrels/day. Most of its crude oil is exported to generate export income, and is not used to generate electricity. 4 Although Vietnam is able to meet most of its needs through its own resources, it consumes more electricity than it produces (approximately six billion KWh/a). 5 Open sources indicate that increasing exports of manufactured goods and a corresponding growth in the industrial sector (16% since 2003) 6 will lead to a greater energy shortfall beyond the next decade-between 35 and 65 billion KWh/year after 2020. 78 As a signatory to the Kyoto Treaty and other regional environmental accords, and seeking an alternative to its stretched hydroelectric resources, Vietnam is looking for a means to increase energy production while minimizing emissions of greenhouse gases. 
Technical Capabilities and Facilities

Dalat Research Reactor
Vietnam's only research reactor is located at the Nuclear Research Institute (NRI) in Dalat. The reactor was originally built in the early 1960s as a 250 kW TRIGA Mk-II pool-type research reactor. The reactor was shut down during the country's civil war in the 1960s and 1970s, and the fuel was removed to the United States in April 1975. In 1984 the reactor was restored to operating condition with the assistance of the Soviet Union, which installed a new core within the existing reactor tank. The restored 500kW reactor utilizes WWR-M2 fuel assemblies enriched to 36%, 10 and has been primarily engaged in radioisotope production for the medical, agricultural, and industrial sectors, and to conduct research in these and environmentally-related areas. 11 The age of the reactor and limitations on neutron flux and power level are beginning to restrict its ability to support increasing user demands; current plans by the NRI are to replace the reactor with a new high power research reactor before 2020. 12 Radiotherapy Centers Vietnam Agency for Radiation and Nuclear Safety and Control (VARANSAC) officials informed U.S. Department of Energy (DOE) officials that there are currently 13 Co-60 teletherapy units in use throughout Vietnam. Although DOE has little information on these units, it is known that three operate in Hanoi, several are located in Ho Chi Minh City and the remainder spread about the country. Three disused sources are stored in a warehouse in Ho Chi Minh City, in a purportedly secure facility. All of the sources are old and nearing their end of operational life. As the units were supplied to Vietnam without a source return policy, the country will be required to store them until they are no longer a hazard. 13 Irradiation Facilities VARANSAC representatives informed U.S. DOE officials that there are five irradiator facilities in use and one in storage in Vietnam. One of the facilities is located at the Vietnam Institute for Nuclear Science and Technique in Hanoi, and houses a unit that has approximately 25,000 Curies of activity. The facility is used to sterilize medical supplies and irradiate food. The Vietnam Atomic Energy Commission (VAEC), the facility operator, has plans to implement several upgrades to the unit by 2006, which will increase it to 300,000 Curies. At least two irradiators are located in Ho Chi Minh City, one of which had approximately 400,000 Curies in 1999. Little is known of their current status.
14 Waste Repository Vietnam does not currently operate a national waste repository, nor does it have a location to securely store the Co-60 sources approaching their end of operational life. U.S. DOE experts have recommended a facility be designed and constructed to securely store these sources in the future. 15 
Educational Institutions 16
Hanoi National University (HNU) -Department of Nuclear Physics, awards 30 degrees a year to students in nuclear physics. Hanoi University of Technology (HUT) -Department of Nuclear Engineering and Environmental Physics, awards about 10 degrees per year in engineering. Dalat University -10 degrees a year to graduate students in nuclear science. VAEC -Offers graduate-(Masters degree) and doctoral-level courses in mathematics, programming, physics, and radiation measurement and protection. NRI -Training Center, supported by IAEA and BARC financial grants, offers radiation safety center, training in radiation protection and nuclear safety, nuclear technology and energy. INST Joint Training Center on Radiation Protection -equipped by JAERI, offers courses in radiation protection and measurement, as well as instructor training. EBP Activities -Offers national training in the direction of education and training, legislation, safety analysis, assessment and regulatory supervision for the Dalat RR.
Nuclear Power
In order to develop the energy infrastructure necessary to continued growth, Vietnam's government is examining the potential contribution of nuclear power to its economy. In addition to signing technical cooperation agreements in nuclear technology with a number of states, it has discussed construction of nuclear power plants with several countries, including Russia, 17 France, the United States, Canada, and Japan. 18 Japan has also offered to train scientific and technical personnel necessary to support operation of the anticipated nuclear power plant; 19 
Bilateral and Multilateral Nuclear Technical Cooperation
Vietnam has engaged in considerable work both with the IAEA (as indicated below), bilaterally, and on a regional/international basis in developing agricultural, medical and industrial uses for nuclear technology. Below is a chronological summary of projects that are active, complete, or cancelled to date. 27 In general, the tables below indicate that Vietnamese scientific and technical personnel have been involved in a very broad range of projects building their expertise and capabilities in many areas utilizing nuclear technology. Without more detail, it is difficult to state the level of expertise of this community, but there appears to be a solid basis for the long term development of a more advanced national nuclear energy sector, as well as expanded programs supporting agriculture, and medicine and industry.
A brief review of national project titles indicates that in addition to the medical and agricultural fields, Vietnam has been involved in a broad range of activities involving nuclear technology, including personnel health and safety, law, reactor operations, materials handling/metallurgy, and education. Its personnel have also upgraded instrumentation and control equipment for its Dalat research reactor and have trained in processing uranium ore.
Within the region, Vietnamese experts have participated in training on nuclear regulatory issues, nuclear health-related issues, radioactive waste management, maintenance of national nuclear institutions, numerous medical and agricultural courses employing nuclear technology, and the operation and maintenance of nuclear research and power facilities and infrastructures.
National Projects:
Active National Projects (14) 
